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IMAGE PICKUP APPARATUS USING AN
IMAGING UNIT INCLUDING AN ETALON
AND CALIBRATION METHOD THEREFOR

This application claims the benefitunder 35 U.S.C. §11901 5

JP 2004-1297782, filed Apr. 26, 2004, the contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

In a known diagnosing method using an endoscope, tluo-
rescent markers having an aifinity to lesions, such as those
resulting from cancer(s), are introduced 1nto a subject’s living,
tissue, the fluorescent markers are irradiated with excitation
light, and fluorescence from the fluorescent markers that
accumulate at lesions 1s detected. In order to improve the
accuracy ol diagnosis using such a diagnosing method, fluo-
rescent markers are being used that emait specific spectral
profiles and that have an atfinity to multiple, different sub-
stances that appear while a cancer develops 1n a living tissue.
The appearance of the multiple, different spectral profiles 1n
the emission spectra of light emitted by the fluorescent mark-
ers 1s then detected.

For example, a prior art endoscope realizing such an obser-
vation technique as described above 1s disclosed 1n Japanese
Laid Open Patent Application S63-271308, wherein an ele-
ment having a variable light transmittance 1s provided 1n an
image pickup unit. One element that 1s known to have a
variable light transmaittance 1s an etalon 1n which surfaces that
have been made highly retlective are separated by a small gap,
and the size of the gap 1s changed 1n order to select a wave-
length that 1s transmitted by the etalon.

FIG. 17 1s a schematic 1llustration of a prior art etalon. The
ctalon shown 1n FIG. 17 consists of two substrates 35X-1 and
35X-2 having reflective coatings 35Y-1 and 35Y-2, respec-
tively, on their facing surfaces with a gap d between the
reflective coatings 35Y-1 and 35Y-2. Light incident onto the
substrate 35X-1 1s subject to multiple beam interference due
to the coatings 35Y-1 and 35Y-2. By changing the optical path
length within the gap, such as by changing the width of the
gap d, the light that emerges from the substrate 35X-2
changes 1n wavelength. For example, when the width of the
gap din FI1G. 17 1s changed from a value “a” to a value *“b”, the
wavelength of maximum transmittance will change from Ta
to Th. The width of the gap can be changed, for example, by
moving the substrates, such as by using a piezoelectric ele-
ment.

FIG. 18 illustrates, for example, the spectral transmittance
profile of the prior art etalon shown 1n FI1G. 17, for the situa-
tions of the spacing d having a value “a” versus a value “b”.

It 1s known that a small etalon may be produced by surtace
micro-machining, and in which the width of a gap may be
changed using electrostatic forces.

FIG. 19 schematically illustrates the structure of such a
small etalon. The small etalon i FIG. 19 1s provided with
facing mirrors 35' X-1 and 35' X-2 having a high reflectance.
Metal coatings or dielectric multilayer coatings are laminated
on the facing surfaces of the mirrors 35' X-1 and 35' X-2. The
mirror 35' X-1 1s coupled at 1ts outer periphery to an elasti-
cally deformable hinge 35' Z-1. The mirror 35' X-2 1s fixed at
its outer periphery to a substrate 35' Y-2. The hinge 35' Z-1
and the substrate 35' Y-2 are spaced from each other and
coupled at their outer periphery to spacers 35'a, 35'a. In the
small etalon 1 FIG. 19, a microactuator (not illustrated) 1s
used to create an electrostatic force between the facing mir-
rors 35" X-1 and 35' X-2 1n order to elastically deform the
hinge 35' Z-1, thereby changing the width of a gap d between
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the mirrors 35' X-1 and 35' X-2. With the width of the gap d
being changed, light of a different wavelength 1s transmitted
by the small etalon.

The etalon has a peak transmittance at a wavelength A when
the optical path length of the gap d satisfies the following
Condition (1):

d=(A/2)# (n 1s an integer) Condition (1).

It 1s understood from Condition (1) above that the peak
transmittance wavelength A shifts as the gap d 1s changed.
Since the peak transmittance wavelength shifts as the gap 1s
changed, the peak transmittance wavelength can be readily
determined for a given gap d, and vice-versa.

In a fluorescent observation described above using an
image pickup umt having an etalon, the gap 1s controlled
based on a reference gap d0, and the peak transmittance
wavelength 1s scanned to detect the fluorescence emitted by
multiple fluorescent dyes that emit different spectral profiles
within a range of wavelengths scanned by the etalon. Thus, 1t
can be readily determined which fluorescent dye(s) 1s(are)
producing the emitted fluorescence.

In an 1mage pickup apparatus using an 1image pickup unit
having an etalon, multiple 1mages can be captured at a high
speed using light having different wavelengths, and the image
information may be analyzed, for example, to diagnose a
cancer that has developed 1n living tissue but 1s difficult to
detect by other means 1n 1its early stage.

Etalons have different operational accuracies that result
from production errors. Therefore, an 1image pickup unit hav-
ing an etalon and an 1mage pickup apparatus using such an
image pickup unit needs to be individually calibrated, based
on a reference gap, for operational accuracy.

Further, 1n an image pickup unit having an etalon and 1n an
image pickup apparatus using such an image pickup unit, the
ctalon will be influenced by the work environment. There-
fore, the etalon 1s subject to changes 1n operational accuracy.
For example, when an image pickup unit having an etalon 1s
provided 1n an endoscope at the insertion end, the etalon
exhibits different scanning performance before versus after
the msertion end reaches the site to be examined. This pre-
sumably occurs because the temperature of the endoscope
insertion end changes upon the endoscope end being inserted
at the examination site. Therefore, 1t 1s desirable to set the
ctalon for a reference gap (i.e., to calibrate 1t for operational
accuracy), after the endoscope insertion end has been inserted
and immediately before the peak transmission wavelength of
the etalon 1s actually scanned.

The above-mentioned Japanese Laid Open Patent Appli-
cation S63-271308 fails to disclose any means or method for
resolving these problems.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a means and a method for
calibrating an etalon for operational accuracy in an image
pickup apparatus using an 1image pickup unit having an eta-
lon. It 1s an objective of the present invention to resolve the
problems referred to above and to provide a means and a
method, 1n an 1mage pickup apparatus using an 1image pickup
unit having an etalon, for calibrating the etalon for opera-
tional accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given below and the accompa-
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nying drawings, which are given by way of illustration only
and thus are not limitative of the present invention, wherein:
FIG. 1 1s a block diagram showing the functional compo-
nents used 1n setting a reference gap of an etalon for use 1 an
endoscope apparatus;
FI1G. 2 1s an enlarged illustration of the optical member 34

that 1s used to set a reference gap and the etalon 35 shown 1n

FIG. 1;

FIGS. 3(a)-3(c) show optical properties of an image pickup
unit having an etalon, with FIGS. 3(a) and 3(») showing the
spectral transmittances of the optical member 34 and the
ctalon 35, respectively, and with FIG. 3(¢) showing, in arbi-
trary units, the mtensity of light received by the light recep-
tion part 36 of the image pickup unit;

FIGS. 4(a)-4(c) show the spectral transmittance of compo-
nents of the optical member 34 that 1s used to set a reference
gap, with FIG. 4(a) illustrating the spectral transmittance of
an optical bandpass filter BP having multiple pass bands, with
FIG. 4(b) illustrating the spectral transmittance of a long
wavelength pass filter LWP having a boundary wavelength
range G1 where the spectral transmittance varies with wave-
length, and with FIG. 4(c) illustrating the spectral transmiut-
tance of a short wavelength pass filter SWP having a bound-
ary wavelength range H1 where the spectral transmittance
varies with wavelength;

FIGS. 5(a) and 5(b) illustrate structures of endoscope
apparatuses that use an 1mage pickup umt having an optical
member 34 for setting a reference gap and an etalon 35. FIG.
5(a) shows a structure of an endoscope having an i1mage
pickup unit provided in the endoscope insertion end of the
endoscope and two etalons ET1 and E'12, and FIG. 5(b)
shows a structure of an endoscope having an 1mage pickup
unit provided 1n the operation part of the endoscope and two
etalons ET1 and ET2;

FIGS. 6(a) and 6(d) show the optical characteristics of the
ctalon E'T1, with FIG. 6(a) illustrating the spectral transmiut-
tance of the surfaces that form the gap, and with FIG. 6(b)
illustrating the spectral transmittance of the etalon ET1 when
the gap 1s changed;

FIGS. 7(a) and 7(b) show the optical characteristics of the
ctalon E'T2, with FIG. 7(a) illustrating the spectral transmiut-
tance of the surfaces that form the gap, and with FIG. 7(b)
illustrating the spectral transmittance of the etalon ET2 when
the gap 1s changed;

FIG. 8 shows the intensity of light received (in arbitrary
units) by a light reception surface of the image pickup ele-
ment when a light source having an even luminescence inten-
sity 1n a wavelength range of 400-1100 nm 1s observed using
the endoscope apparatus shown 1n FIG. 5(a);

FI1G. 9 shows the structure of a light source apparatus;

FIG. 10 1s a graph of the luminescence intensity versus
wavelength of light emitted by a xenon lamp used 1n the light
source apparatus shown in FIG. 9;

FIGS. 11(a)-11(c) show structures of a turret and rotary
disk that are provided in the light source apparatus shown 1n
FIG. 9, with FIG. 11(a) being a front view of the turret, with
FIG. 11(b) being a side view of the turret, and with FI1G. 11(¢)

being a front view of the rotary disk;

FIGS. 12(a)-12(d) relate to optical filters attached to the
turret 34' mounted 1n the endoscope apparatus shown 1 FIG.

5(b), with FIG. 12(a) showing the spectral transmittance of an
etalon 35 that 1s formed of the etalons ET1 and ET?2 1n series,

and with FIGS. 12(5)-12(d) showing the spectral transmit-
tance of different optical filters attached to the turret 34';

FIG. 13 shows a structure of an endoscope apparatus for
detecting fluorescence from fluorescent markers;
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FIGS. 14(a) and 14(d) relate to an example of an optical
filter used for setting a reference gap that also serves as an
excitation light cutofl filter, with FIG. 14(a) showing the
spectral transmittance of an etalon, and FIG. 14(5) showing
the spectral transmittance of an optical filter used for setting
a reference gap;

FIG. 15 1s a graph of the i1llumiation light intensity (in
arbitrary units) versus wavelength A that1s used for setting the
ctalon whose spectral transmittance 1s shown 1n FIG. 14(a)
for a reference gap;

FIGS. 16(a) and 16(d) relate to 1llumination light emaitted
from the light source apparatus shown 1n FIG. 9 1n the 1llu-
mination mode for setting an etalon for a reference gap and in
the 1llumination mode for exciting the fluorescent markers,
respectively, with FIG. 16(a) showing the 1llumination light
intensity (1n arbitrary units) versus wavelength used for set-
ting the etalon for a reference gap, and with FIG. 16(b) show-
ing the 1llumination light intensity (1n arbitrary units) versus
wavelength used for exciting the fluorescent markers;

FIG. 17 1s an illustration to schematically show the struc-
ture of a conventional etalon;

FIG. 18 1s a graphical representation showing a transmit-
tance profile of a conventional etalon; and

FIG. 19 1s an 1llustration to schematically show a structure
ol a conventional small etalon.

DETAILED DESCRIPTION

The present invention relates to an endoscope apparatus
that uses an 1mage pickup unit having an etalon.

FIG. 1 1s a block diagram showing a structure for calibrat-
ing an endoscope apparatus using an optical member 34 for
setting a reference gap. The structure includes optical mem-
ber 34 that 1s located on the object side of an etalon 35 and a
light reception part 36 that 1s located on the image side of the
ctalon 35 1n an 1mage pickup unit, a processor 5 for control-
ling the operation of the etalon and executing arithmetic
operations relating to setting a reference gap, and a monitor 6
for displaying images captured by the image pickup unit as
well as for displaying the result of setting a reference gap.

FIG. 2 1s an enlarged illustration of the optical member 34
that 1s used 1n setting a reference gap and the etalon 35. The
ctalon 35 includes a driving means, such as a piezoelectric
clement 71, for changing the gap d between facing reflective
mirrors. By changing the voltage applied to the piezoelectric
clement 71, the optical path length of the gap d can be made
to 1ncrease or decrease.

FIGS. 3(a)-3(¢) show optical properties of an 1image pickup
unit having an etalon, with FIGS. 3(a) and 3(b) showing the
spectral transmittances of optical member 34 that 1s used to
set a reference gap and the etalon 335, respectively, and with
FIG. 3(c) showing, 1n arbitrary units, the intensity of light
received by the light reception part 36 of the image pickup
unit. The optical member 34 1s, for example, an optical filter
that transmuits light in a desired range of wavelengths. Refer-
ring to FIG. 3(a), the optical filter may be reflective of light in
a wavelength range A and transmissive of light 1n a wave-
length range B. Referring to FI1G. 3(b), a wavelength range D
over which the maximum transmission of the etalon 35 can be
scanned by changing the optical path length of the gap
includes the entirety of the wavelength range C (shown 1n
FIG. 3(a)) that1s bounded on the short-wavelength side by the
wavelength range A and bounded on the long-wavelength
side by the wavelength range B. Light transmitted through the
optical member 34 and the etalon 33 is recerved by the light
reception part 36. The light reception part 36 includes, for
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example, an 1mage pickup element, such as a CCD, that
detects the intensity of the light incident thereon.

It 1s assumed that a light source having an even lumines-
cence emission intensity in the wavelength range D may be
scanned by the etalon 35 by changing the etalon’s peak trans-
mittance from short to long wavelengths, and that the image
pickup unit repeatedly captures images of the light source as
the optical path length of the gap of the etalon 35 1s changed.
The intensity of light received by the light reception part 36
depends both on the transmittance of the optical member 34
and the etalon 35, since the light that 1s recerved at the light
reception part must first pass through these members. As
shown 1n FIG. 3(a), the transmittance of the optical member
34 rapidly increases with increasing wavelength in the wave-
length region C. Thus, as shown i FIG. 3(c), the light
received by the light reception part 36 will abruptly increase
with wavelength within the wavelength region C as the peak
transmittance of the etalon 35 passes through the wavelength
range C (herein sometimes referred to as ‘boundary wave-
length range C’—which begins at a wavelength A2 and con-
tinues to a longer wavelength A3), while the peak transmut-
tance of the etalon 1s scanned within the wavelength range D
which begins at a A1 that 1s shorter than the wavelength A2 and
continues to a wavelength A4 that 1s longer than the wave-

length A3.

When the following Condition (2) 1s satisfied, the wave-
length range over which the intensity of light received by the

light reception part 36 changes (i.e., the mathematical con-
volution of the graphs shown 1n FIG. 3(a) and FIG. (3(6)) will

roughly coincide with the boundary wavelength range C of
the optical member 34.

AN2<IA3-N2 | Condition (2)

where

AN 1s the Tull width at half-maximum of the peak transmut-
tance of a graph of the spectral transmittance of the etalon 35;

1.3 1s the long wavelength boundary of the boundary wave-
length range C; and

A2 1s the short wavelength boundary of the boundary wave-
length range C.

Ideally, Ah 1s much smaller that the absolute value of
A3-A2.

As shown in FIG. 3(c), the wavelength at which the
received light intensity starts to change will roughly coincide
with the wavelength A2, the short-wavelength boundary of
the boundary wavelength range C shown 1n FIG. 3(a). Fur-
thermore, as shown 1n FIG. 3(c¢), the wavelength at which the
received light intensity ceases changing will roughly coincide
with the wavelength A3, the long-wavelength boundary of the
boundary wavelength range C shown 1n FIG. 3(a).

For example, a gap control voltage V2 (not illustrated) of
an etalon 35 may be recorded at the wavelength A2 at which
the received light intensity starts to change. Thus, the gap
control voltage will have an 1nitial value of V2 that sets the
ctalon 35 for a reference gap when the etalon starts to scan the
peak transmittance wavelength. In conjunction with this, the
gap control voltage V2 for the etalon 35 at the wavelength A2
at which recerved light intensity starts to change and the gap
control voltage V3 for the etalon 35 at the wavelength A3 at
which the recerved light intensity ceases changing may be
recorded as data 1n an arithmetic operation processing circuit
57 of the processor 5. These data may then be used to execute
calculations necessary to calibrate the etalon for operational
accuracy, such as the change rate of the gap control voltage

per unit wavelength.
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A control circuit for the etalon 35 1s constructed that cal-
culates the gap control voltage necessary to obtain a desired
peak transmittance wavelength, based on the change rates in
the gap control voltage per unit wavelength, and that then
applies the calculated voltage to the driving means of the
ctalon 35. In this way, a desired peak transmittance wave-
length can be selected. To do so, it 1s preferable that the
processor 5 be provided with a memory circuit 56 for storing
and reading measurements and for calculating the results of
the measurements.

The wavelengths A2 and A3 can be determined on an arbi-
trary basis under the above conditions in the course of pro-
ducing the optical member 34 that 1s used to set a reference
gap. It 1s preferable that the wavelengths A2 and A3 do not
change even though the optical member 34 may be subjected
to temperature changes within the range of 0°-150° C. For
cxample, where an interference-coating, laminated-type,
optical filter 1s used, 1t 1s preferable to use an optical filter
produced by 1on assisted coating or 1on plating using an 10on
ogun. These coating techniques result 1n increasing the bond-
ing strength of the coating substances, thereby preventing a
space Irom being created between the coatings. Therefore, an
optical filter having a stable spectral transmittance profile can
be obtained regardless of the temperature of the coating.

FIGS. 4(a)-4(c) show the spectral transmittance of compo-
nents of the optical member 34 that 1s used to set a reference
gap, by way of example. In these figures, transmittance (in %)
1s plotted on the ordinate versus wavelength (in nm) on the
abscissa. In the example of FIG. 4(a), the optical member 34
1s a bandpass optical filter BP having multiple band passes 1n
specified wavelength ranges. F1G. 4(b) illustrates the spectral
transmittance of a long wavelength pass filter LWP having a
boundary wavelength range G1 where the spectral transmuit-
tance varies with wavelength, and FIG. 4(c) 1llustrates the
spectral transmittance of a short wavelength pass filter SWP
having a boundary wavelength range H1 where the spectral
transmittance varies with wavelength. More specifically,
within the wavelength range 350-1100 nm, the bandpass filter
transmits wavelengths of 400-680 nm within the visible range
and wavelengths of 880-1080 nm within the infrared range. In
an 1mage pickup unit having a bandpass filter having such
characteristics and an etalon, at least one of the wavelength
ranges E, F, G, or H (which are boundary wavelength ranges,
as shown 1n FIG. 4(a)) 1s included within the wavelength
range scanned by the etalon. For example, 11 the etalon scans
a wavelength range 1n the range 850-1100 nm, the boundary
wavelength range G or H can be used to set the etalon for a
reference gap.

As shown 1n FIG. 1, the processor 3 includes a first control
circuit 51 for detecting the type of image pickup unit and for
controlling the operation of the light source, a pre-processing
circuit 32 for adjusting the gain of analog signals sent from
the 1mage pickup unit, an A/D converter 33 for converting
analog signals to digital signals, an 1image signal processing
circuit 54 for processing images, a D/A converter 55 for
converting digital signals to analog signals, the memory cir-
cuit 56 for storing and reading data, the arithmetic operation
circuit 57 for executing arithmetic operations to control the
movement of the etalon 35 based on data stored in the
memory circuit 56, and a second control circuit 38 for con-
trolling the operation relating to 1mage acquisition of the
image pickup unit.

When the 1image pickup unit 1s coupled to the processor 5,
the first control circuit 51 detects information on the type of
the etalon 35 1n the 1mage pickup unit and the presence or
absence of the optical member 34 used to calibrate the etalon
35. The first control circuit 51 then optimizes the operational
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settings of a light source apparatus (not 1llustrated) and the
second control circuit 58 for the image pickup unit. In addi-
tion, the first control circuit 51 serves to synchromize the
timing of the light source apparatus that 1lluminates an object
with the timing of the image pickup unit that captures 1images
when the etalon 35 1s calibrated for operational accuracy.

The second control circuit 58 sends signals to the first
control circuit 51 and to the pre-processing circuit 32 for
controlling the magnitude of a voltage for operating the etalon
35 and for adjusting the image acquisition timing of the image
pickup unit, based on the latest calibration value obtained by
calibration of the etalon 35.

The pre-processing circuit 52 adjusts the gain of image
signals input from the 1mage pickup element 36 and color
balance based on control signals from the second control
circuit 58. Analog image signals output from the pre-process-
ing circuit 52 are converted to digital signals by the A/D
converter 53. The image signal processing circuit 34 executes
image processing of image signals converted to digital sig-
nals, such as partially enhanced images, so as to remove
noise, merge 1mages, plot images and display marks and
character information at any coordinate point of an image
display. Digital signals output from the image signal process-
ing circuit 54 are converted to analog signals by the D/A
converter 35. The first control circuit 31 and the second con-
trol circuit 58 can be integrated 1nto one control circuit having,
the function of both circuits.

It 1s assumed that an object having a uniform spectral
reflectance within the wavelength range 850-1100 nm 1s 1llu-
minated by illumination light having wavelengths in the same
range. An 1mage of the object 1s captured by the above-
described 1mage pickup unit. Processor 5 controls the gap of
the etalon 1n order to scan the peak transmittance wavelength
of the etalon. The intensity of light received by the light
reception surface of the image pickup element abruptly
changes 1n accordance with the spectral transmittance of the
ctalon 1 the boundary wavelength ranges G and H. The
voltages applied to the etalon when the recerved light inten-
sity 1s maximized and minimized are stored in a predeter-
mined memory region of the memory circuit 56 within the
processor 5, along with the associated peak transmittance
wavelengths. The arithmetic operation circuit 57 reads data
stored 1n the memory circuit 56 and calculates values neces-
sary to control the gap of the etalon, such as change rates 1n
the peak transmission wavelength corresponding to change
rates in the applied voltage, and the calculated numerical data
1s stored in another region of the memory circuit 56.

If the etalon mounted in the 1image pickup unit described
abovenot only scans the peak transmittance wavelength 1n the
wavelength range 850-1100nm, but also has an average trans-
mittance of 50% or higher 1n a wavelength range 400-680 nm
and has a nearly unmiform transmittance regardless of changes
in the gap, an 1image pickup unit can be provided that serves
both for color image observation using visible light and for
selective detection using near-infrared light of a desired
wavelength.

An etalon E'T1 that may be used to scan the peak transmit-
tance wavelength in the near-infrared range and an etalon ET2
that may be used to scan the peak transmittance wavelength in
the visible range can be arranged 1n series 1n the optical path
of the image pickup unit, thereby enabling the scanning of the
peak transmittance wavelength both 1n the near-infrared
range and 1n the visible range.

FI1G. 5(a) shows the structure of an endoscope apparatus in
which an 1image pickup unit having the etalons ET1 and E'T2
1s provided at the endoscope insertion end of the endoscope
apparatus. In this case, 1t 1s preferable that the surfaces form-
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ing the gap of one etalon ET1 have a transmittance of 50% or
lower for a specified wavelength range and the surfaces form-
ing the gap of the other etalon E'T2 have a transmittance of
50% or higher for the same specified wavelength range.

FIGS. 6(a) and 6(b) show the optical characteristics of the
ctalon E'T1, that scans the peak transmittance wavelength 1n
the near-infrared range, with FIG. 6(a) 1llustrating the spec-
tral transmittance of the surfaces that form the gap, and with
FIG. 6(b) illustrating the spectral transmittance of the etalon
ET1 when the optical path length of the gap 1s changed. In
cach figure, transmission T (1n %) 1s plotted on the ordinate
and wavelength A (1n nm) 1s plotted on the abscissa. Although
no numerals are listed on the ordinate axis, the transmittance
of the surfaces forming the gap of the etalon ET1 1s 50% or
lower 1n the wavelength range 900-1130 nm and 50% or
higher in the wavelength range 400-850 nm. Consequently,
the etalon ET1 can scan the peak transmittance wavelength
using multiple beam interference in the wavelength range
930-1100 nm. Furthermore, light 1s always transmitted 1n the
wavelength range 400-850 nm regardless of changes 1n the
optical path length within the gap.

FIGS. 7(a) and 7(b) show the optical characteristics of the
ctalon ET2 of FIG. 5(a) that scans the peak transmittance
wavelength 1in the visible range, with F1G. 7(a) 1llustrating the
spectral transmittance of the surfaces that form the gap, and
with FIG. 7(b) illustrating the spectral transmittance of the
ctalon ET2 when the gap 1s changed. In each figure, percent
transmission 1s plotted on the ordinate and wavelength 1s
plotted on the abscissa. Although no numerals are listed on
the ordinate axis, the transmittance of the surfaces forming
the gap of the etalon ET2 1s 50% or lower 1n the wavelength
range 500-710 nm, and 50% or higher 1n the wavelength
range 760-1100 nm. Consequently, the etalon ET2 can scan
the peak transmittance wavelength using multiple beam inter-
ference 1 a wavelength range 530-680 nm. Furthermore,
regardless of changes 1n the optical path length within the gap,
light 1s always transmitted in the wavelength range 760-1100
nm.

FIG. 8 shows the intensity of light received (in arbitrary
units) by a light reception surface of the image pickup ele-
ment when a light source having an even luminescence inten-
sity 1 a wavelength range 400-1100 nm 1s observed using the
endoscope apparatus shown 1n FIG. 5(a) equipped with an
image pickup unit in which the etalons ET1 and ET2 are
arranged 1n series. In the figure, recerved light intensity 1s
plotted (1n arbitrary units) on the ordinate and wavelength (in
nm) 1s plotted on the abscissa. The reference gap setting
member 1s an optical filter having the spectral transmittance
shown 1n FIG. 4(a).

An endoscope having the above-described image pickup
unmit at the msertion end can selectively detect light of a
desired wavelength in the wavelength ranges 930-1100 nm
and 530-680 nm.

A boundary wavelength range H having the spectral trans-
mittance profile shown m FIG. 4(a) 1s used to set the etalon
ET1 for areference gap. The insertion end of the endoscope 1s
inserted 1nto a barrel having a reflecting surface and 1llumi-
nation light having wavelengths in the same wavelength
range as the wavelength range H 1s used to illuminate the
reflecting surface. Illumination light having wavelengths
within the same range as the wavelength range H 1s emitted by
an 1llumination optical system of the endoscope.

The illumination optical system 1s formed of a light source
apparatus 2 (F1G. 5(a)) that includes a xenon lamp that emaits
light 1n the visible to near-infrared wavelength range, a col-
lection optical system for collecting light emitted from the
xenon lamp at the entrance end of a light guide, and multiple
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transmission wavelength selective filters removably arranged
in the optical path between the xenon lamp and the entrance
end of the light guide, and an 1llumination lens provided at the
endoscope 1nsertion end for 1lluminating an object with light
emerging from the exit end of the light guide.

FI1G. 9 shows the structure of the light source apparatus 2
(FIG. 5(a)). Lamp 20 1s an electric discharge xenon lamp. The
spectral content of the light produced by the xenon lamp has
a relatively even profile 1n the visible range, as shown in FIG.
10. In addition, the xenon lamp has a suilicient intensity in the
near-infrared range. Therefore, a xenon lamp 1s the most
suitable lamp available for general color image observation
using light 1n the visible range and 1n the near-infrared range,
as 1n the present invention.

In order to select multiple i1llumination lights having dif-
terent wavelengths, both the turret 21 and the rotary disk 24
are provided with optical filters that can be removably placed
in the optical path of the light source apparatus between the
lamp 20 and the entrance end 30 of the light guide for the
endoscope. Also, both the turret 21 and the rotary disk 24 can
be moved within planes that are perpendicular to the optical
axis of the collection optical system 23. Each of the turret 21
and the rotary disk 24 rotates about rotation axes that are
parallel to the optical axis of the light source apparatus, so that
various optical filters 22 can be iserted into the light flux
emitted from the lamp 20 and collected at the entrance end 30
of the light guide of the endoscope.

FIGS. 11(a)-11{(c) show structures of a turret and rotary
disk that are provided in the light source apparatus, with FIG.
11(a)being a front view of the turret 21, with FI1G. 11(5) being
a side view of the turret 21, and with FIG. 11(c) being a front
view of the rotary disk 24. Referring to FIG. 11(a), the turret
21 has at least five filter holders 215 positioned on 1ts sub-
strate concentrically about a rotation axis. One or more opti-
cal filters 22 are housed 1n the filter holders 2156. FIG. 11(b) 1s
a side view of the turret 21. The turret 21 rotates about the
rotation axis, whereby the optical filters 22 housed 1n the filter
holders 216 may be removably inserted and held fixed in the
optical path.

Referring to FIG. 11(c¢), the rotary disk 24 has outer and
inner windows 245 provided on its substrate about a rotation
axis. The optical filters 22 are attached to the windows 24b.
The rotary disk 24 rotates about the rotational axis x at a fixed
rotation speed, and can be moved 1n a plane that 1s substan-
tially perpendicular to the optical axis of the collection optical
system 23 by means of a rotary disk moving mechanism (not
illustrated). By moving the rotary disk 24 to a proper position,
the following three 1llumination modes can be provided.

[1lumination Mode 1

A series of optical filters 22 that are positioned near the
outer periphery of the rotary disk 24 and that may be substan-
tially 1dentical 1n spectral transmittance are iserted into the
optical path, 1n turn, for repeated i1llumination.

Il1lumination Mode 2

A series of optical filters 22 that are positioned near the
inner periphery of the rotary disk 24 and that may be substan-
tially identical in spectral transmittance (but which differ
from the spectral transmittance of the optical filters 22 that are
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positioned near the outer periphery of the rotary disk 24) are
inserted into the optical path, in turn, for repeated 1llumina-
tion.

[1lumination Mode 3

The rotary disk 24 may be withdrawn entirely from the
optical path. Accordingly, provided that the turret 21 has five
optical filters 22, each having a different transmittance pro-
file, 15 different possible 1lluminations are available using, 1n
combination, the turret 21 and the rotary disk 24 (1.e., the
rotary disk has 3 positions, namely, either one of two different
filters 1n the optical path or complete withdrawal from the
optical path).

For setting the etalon ET1 to a reference gap, a transmis-
sion wavelength selection filter 22 that transmits light in the
same wavelength range as the boundary wavelength range H
1s 1mnserted nto the optical path of the collection optical sys-
tem 23. Then, an image of the mside of the barrel 1s captured
by the 1mage pickup umt and the gap of the etalon E'11 1s
changed to scan the peak transmittance wavelength from the
longer wavelength side to the shorter wavelength side,
thereby obtaining a graph of the intensity versus wavelength
of the light received by the light reception surface of the
image pickup element 36. The intensity of light recerved by
the light reception surface of the image pickup element 36
abruptly changes with wavelength in accordance with the
spectral transmittance of the etalon ET1 1n the wavelength
range H. The gap change rate per unit wavelength when the
intensity of light recerved 1s changed from maximum inten-
sity to minimum intensity 1s calculated 1n order to correct the
ctalon operation and thus calibrate the etalon ET1 for scan-
ning accuracy. An initial value of the gap control voltage 1s
obtained based on the voltage applied to control the etalon
operation while the intensity of light recerved 1s recorded and
processed, thereby setting the etalon ET1 to a reference gap.

For setting the etalon E'T2 to areference gap, use 1s made of
the wavelength range F, having a spectral transmittance as
shown 1n FIG. 4(a). The msertion end of the endoscope 1s
inserted 1n a barrel having a reflecting surface and 1s 1llumi-
nated by i1llumination light having wavelengths in the same
wavelength range as the wavelength range F emitted by the
1llumination optical system of the endoscope. A transmission
wavelength selection filter 22 that transmits light 1n the same
wavelengths as the wavelength range F 1s selectively mserted
into the optical path of the collection optical system 23 for
collecting light emitted from the xenon lamp 20 onto the
entrance end 30 of the light guide. An image of the inside of
the barrel 1s captured by the 1mage pickup unit while the gap
of the etalon E'T2 1s changed in order to scan the peak trans-
mittance wavelengths from long to short wavelengths,
thereby recording the intensity of light received by the light
reception surface of the image pickup element 36. The inten-
sity of light received by the light reception surface of the
image pickup element 36 abruptly changes in accordance
with the spectral transmittance of the etalon ET2 1n the wave-
length range F, which 1s a boundary wavelength range. The
gap change rate per unit wavelength from maximum to mini-
mum intensity of light recerved 1s calculated to correct the
ctalon operation and thus calibrate the etalon ET2 for scan-
ning accuracy. An initial value of the gap control voltage 1s
obtained based on the voltage applied to control the etalon
operation while the intensity of light received 1s recorded,
thereby setting the etalon E'T2 to a reference gap. In this way,
the etalons ET1 and E'T2 are independently controlled. It 1s
preferable that one of the etalons be calibrated while the other
remains still with its gap fixed.
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According to FI1G. 8, the image pickup unit can detect light
in a wavelength range 400-490 nm 1n a stable manner regard-
less of the change in optical path length of the gaps of the
ctalons E'T1 and ET2. When the endoscope 1s 1nserted into a
patient’s body, light from the i1llumination optical system in
the wavelength range 400-490 nm 1s used as guide light, with
the endoscope insertion end being guided to a desired obser-
vation site 1n a secure mannet.

Color 1mage observation 1s available with an endoscope
that 1s provided with the following image pickup unit. A
rotary disk 24 having a red wavelength transmission {filter R,
a green wavelength transmission filter G, and a blue wave-
length transmission filter B positioned concentrically about a
rotation axis 1s inserted into the optical path of the 1llumina-
tion optical system, and the peak transmittance wavelength of
the etalon E'T2 1s scanned synchronously with the R, G and B
filters being 1n the optical path. In other words, the gap of the
ctalon E'T2 1s controlled 1in a manner 1in which the etalon ET2
transmits red light while the red filter 1s 1n the optical path,
green light while the green light 1s in the optical path, and blue
light while the blue filter 1s 1n the optical path. Three color
images are thus captured by the image pickup unit, 1n
sequence, and these signals are then processed by the image
signal processing circuit 54 1 order to obtain a color image.

Referring to FIGS. 5(a) and 5(b), the etalon 35 (1.e., ET1
and ET2 1n series) and an optical member 34 that 1s used to set
a reference gap can be provided at a location other than the
endoscope insertion end 1015. FIG. 5(b) shows a case 1n
which they are provided 1n an endoscope operation part 103.
In this case, the image pickup umt optically transfers an
object image captured by an objective lens 33 at the insertion
end 1015 to the operation part 103 via a transfer optical
system such as an 1image guide 37, and then, an image-form-
ing optical system such as lens 38 1s used to form an 1image on
the light reception surface of the image pickup element 36.
The etalon 35 and optical member 34 are provided between
the image forming lens 38 and the 1mage pickup element 36.
The optical member 34 1s attached to a turret 34' (together
with multiple optical filters) and 1s removably inserted 1nto
the optical path 1n the 1mage pickup unit by means of a turret
rotation mechanism 34a'. The optical member 34 can be a
long wavelength, bandpass filter having a boundary wave-
length range G1 or a short wavelength, bandpass filter having
a boundary wavelength range H1, as shown in FIGS. 4(b) and
4(c), respectively.

FIGS. 12(a)-12(d) relate to optical filters attached to the
turret 34' mounted 1n the endoscope apparatus shown 1n FIG.

5(b), with F1G. 12(a) showing the spectral transmittance of an
etalon 35 that 1s formed of the etalons ET1 and ET2 1n series,
and with FIGS. 12(5)-12(d) showing the spectral transmit-
tance of different optical filters attached to the turret 34'. FI1G.
12(a) shows the spectral transmittance of the etalon 35 and
FIGS. 12(5)-12(d) show the spectral transmittance of optical
filters attached to the turret 34'. In FIGS. 12(a)-12(d), SC1 1s
the peak transmittance scanning range of the etalon ET1
(here, 1n the wavelength range 930-1100 nm) and SC2 1s the
peak transmittance scanning range of the etalon ET2 (here, in
the wavelength range 530-680 nm). The turret 34' 1s provided
with three different optical filters having spectral transmit-
tances as shown 1n FIGS. 12(5)-12(d). An optical filter having
the spectral transmittance shown i FIG. 12(b) may be
inserted nto the optical path for color image observation
using the image pickup unit. This optical filter 1s a short
wavelength pass filter having boundary wavelength range H1,
which 1s entirely within the peak transmittance scanming,
range SC2 of the etalon ET2. Before color image observa-
tions using the image pickup unit, the boundary wavelength
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range H1 i1s used to calibrate the etalon ET2 for scanning
accuracy and to set the etalon ET2 to a reference gap. During
color image observations, the etalon ET1 1s notmoved and the
optical path length of its gap remains fixed.

An optical filter having the spectral transmittance shown 1n
FIG. 12(c) may be mserted into the optical path for image
observations under light of a desired wavelength 1n a wave-
length range 530-680 nm using the image pickup unit. The
optical filter 1s a long wavelength pass filter having a bound-
ary wavelength range G1 that 1s entirely within the peak
transmittance scanning range SC2 of the etalon ET2. Before
image observations, the boundary wavelength range G1 1s
used to calibrate the etalon ET2 for scanning accuracy and to
set the etalon ET2 to a reference gap. During image observa-
tion, the etalon ET1 1s not moved and the optical path length
of 1ts gap remains fixed.

An optical filter having the transmittance profile shown 1n
FIG. 12(d) may be inserted into the optical path for image
observations under light of a desired wavelength 1n a wave-
length range 930-1100 nm using the image pickup unit. The
optical filter 1s a long wavelength pass filter having a passband
in the wavelength range G2 that 1s entirely within the peak
transmittance scanning range SC1 of the etalon ET1. Before
image observations, the boundary wavelength range G2 1s
used to calibrate the etalon E'T1 for scanning accuracy and to
set the etalon ET1 to a reference gap. During image observa-
tion, the etalon ET2 1s not moved, and the optical path length
of 1ts gap remains fixed.

In using an endoscope apparatus where fluorescent mark-
ers having affinity to lesions, such as a cancer, have previ-
ously been introduced into the subject’s living tissue, the
fluorescent markers are 1lluminated with excitation light, and
fluorescence from the fluorescent markers that have accumu-
lated at one or more lesions 1s detected, an excitation light
cutoll filter and an optical member 34 that 1s used to set a
reference gap can be combined. FIG. 13 shows the structure
of an endoscope apparatus for detecting tluorescence emitted
by the fluorescent markers. In FI1G. 13, the light source appa-
ratus 2 has the same structure as that shown in FIG. 9 and the
processor 5 has the same structure as that shown 1n FIG. 1;
therefore, they are not shown in detail. In this endoscope
apparatus the etalon 35 and the optical member 34 for setting
a reference gap are provided at the insertion end 1015. In
order to excite the fluorescent markers, a light guide 82 that 1s
coupled to a laser light source 81 1s introduced 1nto the 1nser-
tion end 1015 through an endoscope operation tool 1nsert port
so as to 1lluminate the living tissue with light from the laser
light source 81. An 1image of the fluorescence emitted by the
fluorescent markers 1s formed by an objective lens 33 onto the
image pickup surface of the image pickup element 36. Mean-
while, the gap of the etalon 35 i1s changed so as to scan the
peak transmittance wavelength, thereby distinctively detect-
ing multiple fluorescent emissions having different spectral
properties.

FIGS. 14(a) and 14(b) show an example of an optical filter
that 1s used to set a reference gap also serving as an excitation
light cutotf filter. In FIGS. 14(a) and 14(d), transmittance T
(1n %) 1s plotted on the ordinate and wavelength (in nm) 1s
plotted on the abscissa. F1G. 14(a) shows the spectral trans-
mittance of the etalon 35 and FIG. 14(b) shows the spectral
transmittance of the optical member 34 that 1s used to set a
reference gap. In FIGS. 14(a) and 14(b), SC 1s the peak
transmittance scanning range oi the etalon 35 (here, arange of
600-750 nm) and EL 1s the luminescence wavelength range of
the laser light source 81 (here, a wavelength range 655-665
nm). The optical filter 1s a notch filter having boundary wave-
length ranges H3 and G3 that lie entirely within the peak
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transmittance scanning range of the etalon 35 and have an
optical density (a measure of non-transmission) of OD4 or
higher for light 1n a wavelength range 01 655-665 nm. Optical
Density OD 1s defined as log 10 (I/T'), where I 1s the intensity
of light entering the optical filter and I' 1s the intensity of light
transmitted through the optical filter.

The excitation light reflected by the living tissue 1s cut off
by the notch filter before 1t reaches the 1mage pickup element
36. Betfore detecting fluorescence emitted by the fluorescent
markers using the image pickup unit, the boundary wave-
length range H3 or G3 1s used to calibrate the etalon 35 for
scanning accuracy and to set the etalon 35 to a reference gap.

As mentioned previously, it 1s desirable to set the etalon to
a reference gap (1.e., to thereby calibrate the etalon for opera-
tional accuracy) aiter the endoscope insertion end 1015 1s
introduced to the examination site and immediately before
the peak transmittance wavelength of the etalon 35 1s actually
scanned. Therefore, the first control circuit 51 of the proces-
sor 5 15 used to control the timing of emitting i1llumination
light from the light source apparatus 2 through the light guide
31 and the 1lluminationlens 32 (FIG. 13), as well as the timing
of emitting 1llumination light from the laser light source 81
through the light guide 82 (FIG. 13). Also, the light source
apparatus 2 1s provided with an i1llumination mode to set the
ctalon 35 to a reference gap.

FIG. 15 1s a graph of the 1llumination light intensity (plot-
ted on the ordinate, in arbitrary units) versus wavelength A
(plotted on the abscissa) that 1s used for setting the etalon
whose spectral transmittance 1s as shown 1n FIG. 14(a) to a
reference gap. The illumination light used to set the etalon 35
to a reference gap preferably has a nearly constant spectral
intensity profile in the wavelength range that includes the
boundary wavelength range H3 (here, the 1llumination light
wavelength range corresponds to the wavelength range 600-
660 nm).

The optical member 34 1s used for setting the etalon 35 to
a reference gap and thus calibrating the 1mage pickup appa-
ratus for operational accuracy according to a method (to be
described) immediately betfore the peak transmittance wave-
length of the etalon 35 1s scanned 1n order to detect fluores-
cence from the fluorescent markers. The method 1s defined by
the following steps:

(a) A signal for mitiating the scanning of the peak trans-
mittance wavelength of the etalon 35 1n order to detect tluo-
rescence from the fluorescent markers 1s sent to the first
control circuit 51 of the processor 5 by, for example, the
observer pushing a button at a switch part 39 1in the endoscope
operation part 103 (FI1G. 13);

(b) An 1llumination mode that 1s used to set the etalon 35 to
a reference gap 1s selected 1n the light source apparatus 2 1n
response to a control signal from the first control circuit 51 of
the processor 5, and a region of living tissue 1s 1lluminated;

(c) Illumination light that 1s reflected by the living tissue
enters the etalon 35 via the objective lens 33 and the optical
member 34 that 1s used to set a reference gap. Meanwhile, the
gap of the etalon 35 1s changed to scan the peak transmittance
wavelength 1n the peak transmittance scanning range SC of
the etalon 35 in response to a control signal from the second
control circuit 38 of the processor 5;

(d) Light transmitted through the etalon 35 1s received by
the image pickup element 36. The arithmetic operation circuit
57 of the processor 5 executes calculations necessary for
calibrating the etalon 35 for scanning accuracy and for setting
it to areference gap, based on the intensity of light received by
the light reception surface of the image pickup element 36,
and updates control data for the etalon 35 stored in the
memory circuit 56;
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(¢) The second control circuit 38 of the processor S reads
from the memory circuit 56 the latest control data for con-
trolling the etalon 35 and sends to the etalon 35 a control
signal that causes the etalon 35 to have an optical path length
equal to that of the reference gap. It also sends a signal to the
first control circuit 51 to switch from the i1llumination mode
used to set the etalon to a reference gap to the i1llumination
mode used to excite the fluorescent markers; and

(1) In response to a signal from the first control circuit 51 of
the processor 5, the 1llumination light from the light source
apparatus 2 1s shut off and the 1llumination light from the laser
light source 81 1s emitted so as to 1lluminate the living tissue.

Alternatively, the method can be described more broadly
by the following steps:

(1) 1n response to a control signal from the processor, the
image pickup umt captures image signals while the etalon
scans, at least once, over a range of wavelengths that entirely
include the boundary wavelength range of the optical mem-
ber:;

(2) based on 1mage signals acquired 1n the step (1), arith-

metic operations are executed so as to determine a reference
value for the optical path length of the gap of the etalon; and

(3) 1n response to a control signal from the processor, the
optical path length of the gap of the etalon 1s set to the
reference value that was determined 1n step (2).

According to the above method, the etalon 35 1s calibrated
immediately before tluorescence from the fluorescent mark-
ers 1s detected, thereby ensuring stable detection of tluores-
cent wavelengths at any time.

FIG. 16(a) shows the spectral intensity profile of 1llumina-
tion light for setting the etalon to a reference gap, and FIG.
16(5) shows the spectral intensity profile of 1llumination light
for exciting the fluorescent markers. In FIGS. 16(a) and
16(b), the intensity I 1s plotted on the ordinate in arbitrary
units and the wavelength A (1n nm) 1s plotted on the abscissa.
As shown in FIG. 16(a), the 1llumination light for setting the
ctalon to a reference gap has a substantially constant intensity
in the wavelength range of 600-660 nm. The 1llumination
light for exciting the fluorescent markers has a substantially
constant intensity 1in the wavelength range of 655-6635 nm.

The invention being thus described, 1t will be obvious that
the same may be varied 1n many ways. For example, the
ctalon may be set to a reference gap (and thus calibrated for
operational accuracy) according to the above process only
when the endoscope operator initiates the method. Also, the
illumination light used to excite the fluorescent markers can
be generated by the light source apparatus 2. In such a case,
the light source apparatus 2 must have at least two 1llumina-
tion modes, one for setting the etalon to a reference gap and
one for exciting the fluorescent markers, and will emit 1llu-
mination lights having spectral intensity profiles similar to
that shown 1n FIGS. 16(a) and 16(d), respectively. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention. Rather, the scope of the invention shall
be defined as set forth 1n the following claims and their legal
equivalents. All such modifications as would be obvious to
one skilled in the art are intended to be included within the
scope of the following claims.

What 1s claimed 1s:

1. An etalon calibration procedure for use 1n an 1mage
pickup apparatus, said 1mage pickup apparatus being an
endoscope having an insertion end that 1s mnserted within a
patient 1n order to diagnose the presence of disease in living
tissue, and said endoscope detects tluorescence emitted from
a fluorescent marker under the illumination of excitation
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light, the fluorescent marker having been previously intro-
duced 1nto a subject’s living tissue, said image pickup appa-
ratus comprising:

an 1mage pickup unit that includes

an objective optical system having multiple optical sur-
faces for forming an 1mage of an object;

an 1mage pickup element, having an 1image pickup sur-
face, for converting said 1mage to 1image signals;

an etalon that 1s located between the most object-side
optical surface of the objective optical system and the
image pickup surface and having a gap, the optical
path length of the gap being controllable for scanning

the wavelengths of light transmitted by the etalon,
thereby selecting the wavelengths of the light that

reach the image pickup surtace;

an optical member that 1s located between the most
object-side surface of the objective optical system and
the image pickup surface, said optical member having
a first wavelength range in which incident light 1s
reflected, a second wavelength range 1n which 1nci-
dent light 1s transmitted, and a boundary wavelength
range that 1s bounded at one end by the first wave-
length range and at the other end by the second wave-
length range, the boundary wavelength range being
entirely within the range over which the etalon scans
the wavelengths of light transmitted by the etalon; and

a processor coupled to the image pickup unit that includes

a circuit for controlling the operation of the etalon and a
circuit for executing arithmetic operations based on
image data obtained by the image pickup unait;

said etalon calibration procedure 1s performed after the

insertion end of the endoscope reaches a site of the living

tissue to be examined and includes the following steps:

(1) 1 response to a control signal from the processor, the
image pickup unit captures 1mage signals while the
ctalon scans, at least once, over a range ol wave-
lengths 600-750 nm that entirely include the bound-
ary wavelength range of the optical member;

(2) based on 1mage signals acquired in the step (1),
arithmetic operations are executed so as to determine
a reference value for the optical path length of the gap
of the etalon; and

(3) 1n response to a control signal from the processor, the
optical path length of the gap of the etalon 1s set to the
reference value that was determined 1n step (2).

2. The etalon calibration procedure as set forth in claim 1,
wherein said steps (1) to (3) are performed 1mmediately
betore the peak transmittance wavelengths of the etalon are
scanned.

3. A method of calibrating an 1mage pickup apparatus of an
endoscope having an insertion end that 1s mnserted within a
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patient 1n order to diagnose the presence of disease 1n living
tissue, said 1mage pickup apparatus comprising:

an 1mage pickup unit that includes

an objective optical system having multiple optical sur-
faces for forming an 1mage of an object;

an 1mage pickup element, having an image pickup sur-
face, for converting said 1mage to image signals;

an etalon, which 1s located between the most object-side
optical surface of the objective optical system and the
image pickup surface, that has a gap, the optical path
length of the gap being controllable for scanning the
peak wavelengths of light transmitted by the etalon
over a range of wavelengths from 600-750 nm,
thereby selecting the wavelengths of the light that
reach the 1image pickup surface;

an optical member that 1s located between the most
object-side surface of the objective optical system and
the image pickup surface, said optical member having
a first wavelength range in which incident light 1s
reflected, a second wavelength range 1n which 1nci-
dent light 1s transmitted, and a boundary wavelength
range that 1s bounded at one end by the first wave-
length range and at the other end by the second wave-
length range, the boundary wavelength range being
entirely within the range over which the etalon scans
the peak wavelengths of light transmitted by the eta-
lon; and

a processor coupled to the 1mage pickup unit that includes

a circuit for controlling the operation of the etalon and a
circuit for executing arithmetic operations based on
image data obtained by the 1image pickup unait;

said method of calibrating including the following steps:

(1) after the 1nsertion end of the endoscope reaches a site
of the living tissue to be examined, in response to a
control signal from the processor, the 1mage pickup
unit captures 1image signals while the etalon scans, at
least once, over a range of peak wavelengths from 600
to 750 nm;

(2) based on 1mage signals acquired in the step (1),
arithmetic operations are executed so as to determine
a reference value for the optical path length of the gap
of the etalon; and

(3) 1n response to a control signal from the processor, the
optical path length of the gap of the etalon 1s set to the
reference value that was determined 1n step (2).

4. The method of calibrating an 1mage pickup apparatus of
an endoscope as set forth 1n claim 3, wherein said steps (1) to
(3) are performed immediately before the peak transmittance
wavelengths of the etalon are scanned.
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